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NEEDLELESS INJECTION DEVICE 



This invention relates to the field of needleless 
injection devices of the type used, for example, for 
5 subcutaneous injection of insulin or growth hormone, 

Needleless injection devices (or ''needleless injectors") 
are well known and are designed to deliver a 
predetermined dose of a drug, for example insulin, by 
10 means of a spring-loaded or gas-powered syringe. One 
typical such needleless injector is described in US 
5,782,802 [Vitajet Corp], 

The device described in US 5,782,802 is designed to be 
IS easily refilled and reused by a single user vith the 
correct dose of a medicament required at each injection. 
The device comprises basically of: 

a) an injection . head comprising a transparent 
thermoplastic generally cylindrical nozzle and a 

20 thermoplastic piston tip, both supplied to the user in 

a sterile pack; 

b) a spring-powered unit with means to quickly attach and 
detach the injection head from this spring-powered 
unit; and 

25 c) a pre-filled special vial (containing the medicament) 
which connects to the injection head, or alternatively 
an adaptor which is attached to a commercially^ 
available vial of medicament. 

30 A dose of medicament is loaded intq> the device of US 
5^782,802 by turning a dosage drum in an anti^clockwise 
directix>n so as to draw a quantity of medicament into the 
nozzle. When activated by the user, the injector 
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delivexhr of . .aecUea^^t ualng . nee^ele^a injector is " 

s^x... Wit. a neecile. T.i. i. .,.,,3, no«a. aperture 1 
u^ll. Of s^naller ^«^tar than . ^^odax„ic .e.«le an" 
^.condiy t,ec.u3e the meciica^ent is d.Xi..«d xaare rapidly 
using % aeedieless Injector than by u^in^ a needle, 

B«^les Of autoin3ecfco.3 having a needle for puncturing the 
ak*n are described in USG, 099,503 (Stradelia) and m>. 02/47746 " 
(sai, Medical SS) . . 

conv^ticnal needleleea injeetore of the type deacxibed above ' 
have a relatively noisy operation owing to tije use" of ball 
bearings in the discharge «echani»i. The discharge a»ph«iis« 
of ^7S5, 782,602 ia described therein vith reference to Figure I 
(sea ciuz^ s, ii.e 39 - coluinn 6 line 22, . m particular, 
ball bearings 48 are trapped between the ram's rear neck 35 
and the inner front end of the bushing 44. In this position, 
the ball bearings 4S loc. the ra:. 34 to the discharge 
«ecl^s» 32. in order t6 discharge the device, the -bushing 
44 h«» to . ««^ve forward allowing ball bearings 48 to '^^ 
outward, away f.™ tarn's neC. 36, which consequently 

allows the rto'a rear ahoulder 3B to pas. through, pu^ad 
Vigorously by the fully coapreased iwln spring 22, 

The morB„.ent of the ball bearings 48 is only lifted Jfcy the 
confines of th« relevant parts of the device in which tftey are 
located. It is possible that the ball hearings' win battle" 
wxthin those confines, especially given the great force 'stored 
in the fully con^resaed niain spring which is suddenly released 
x^on discharge of the device. 
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causing the ball bearings to be .pushed-, vigorously . This' 
-rattle" means that the device' has a relatively noisy 
discharge operation. 

The "rattle" (i.e. reverberation) of the ball bearings 
also ha^ an adverse effect on the smoothness with which 
the medicament is delivered. . It is important to minimise 
lateral movement of the injector during operation else 
trauma to the skin may result and therefore there is a 
desire to improve the smoothness of the injector's 
operation . 



It is therefore an object of the present . invention to 
provide a needleless injector which seeks to minimise the 
15 trauma to a patient's sk^n at the injection site, whilst 
also providing a quiet and smooth delivery of medicament 
to t^ie patient. 

According to a first aspect of the invention there is 
20 provided a needleless injection device comprising 

a cylinder for medicament having an injection nozzle 
at a forward end thereof and an opening at its rearward 
end;- 

a piston sliding in the cylinder through said open 
25 end, in use, to drive the medicament through the nozzle; 

a ram to drive the piston into the cylinder and 
having a longitudinal axis; and 

an energy accumulator to drive the ram when 
discharged and disposed between the : ram and a discharge 
30 assembly, a rear end ot the ram extending into said 
discharge asseinably; wherein : 

tfte discharge asseimbly cbmpirises a retention member 
fixed in the assembly, said reterition raeiWDer having a 
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plurality of retention elements spgced :around and adapted 
to locate on the ram when in a charged position of the 
ram, and a release ring surrounding said retention 
elements to prevent radial outward displacement thereof 
5 and discharge of the ram; and wherein 

axi^al displacement of said release ring releases 
said retention elements and causes discharge of the ram 
by said accumulator; 

characterised in that said retention elements are 
10 integral with said retention meniber and each has an 
enlarged head which can move into and out of engagement 
with a groove or recess in the ram by deformation of the 
material cf said retention member, 

15 Since the ram is discharged by means of deformation of 
the material of th^ retention elements , the ''rattle" or 
reverberation of the prior art device, caused by ball 
bearings or the like, is eliminated. The discharge of 
the device is much smoother, more controlled and quieter 

20 than that of conventional devices. 

Preferably, said retention member comprises a collet 
having radially-spreadable fingers, which collet in use 
moves between said first position in which said fingers 
25 engage with said ram and said second position in which 
said fingers spread radially out of engagement with said 
ram-' 

Preferably, said collet fingers axe biassed radially- 
30 inwardly. ; ' . 

5 

Preferably, said release ring comprises a collet lock 
sleeve which limits outward radi^al movement of said 
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collet fingers. Ideally, aKiaJL , movement.- pf said collet 
lock- sleeve is limited by abutment thereof against said 
collet fingers. 

5 Preferably, said collet lock sleeve and aaid collet 
fingers * are respectively provided with cooperating 
tapered surfaces. 

In a preferred embodiment said energy accumulator is a 
10 compression spring. 

In a preferred form, the device further comprises a 
nozzle lock asseitvbly which enables a nozzle to be 
releasably attached to said device upon insertion of a 
15 nozzle into an end thereof^ the nozzle lock assembly 
including 

on one of said nozzle or said end of the 
injection device^ a twist cap containing a moveable 
spacer which has a non*circular aperture 
20 ' therethtough; and 

on the other of said nozzle or said end of the 
iinjection device a protrusion having . a 
correspondingly shaped non-circular outer surface 
which/ if aligned therewith, can pass through said 
25 non-circular aperture^ 

wherein, upon twisting of said twist cap, the 
moveable spacer twists with respect to said 
• protrusion so that ' the. non-circular aperture of the 
spacer can be selectively brought into and out of 
30 alignment with the': non-circular outer surface of 

said protrusion, so that said protrusion is 
rfespectiyely either free tq mo^ve in or out of said 
aperture or is trapped ther'ein* by said moveable 
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spacer. ^ 

Preferably, said twiat cap is located on said end of the 
injection device and said protrusion is located on seid 
nozzle- 

\ 

Preferably/ the nozzle lock asseinbly further comprises a 
second protrusion having the same non-circular outer 
surface and being axially spaced from the first 
protrusion. 

Preferably, said non-circular aperture and said non- 
circular outer surface are substantially triangular. 

15 Preferably/ the nozzle lock assembly further comprises a 
mark on said twist cap which indicates the relative 
alignment of the non-circular apertures. 

In a preferred embodiment, the axial displacement is 
20 provided by means of a resistance-^sensitive trigger 
comprising an axially-moveable shroud forming at least 
part of the outer surface of said device, the trigger 
being activated by application of forward axial force to 
the shroud which is resisted by the skin of the patient 
25 at an injection site. 

Preferably, said resistanq^-sensitive trigger further 
comprises a safety-lock, moveable between . a locked 
position, in which the device cannot -be discharged and an 
30 unlocked position in which thk devicQ can be discharged. 
Further, preferably, said safety lock comprises at least 
one ascdally-extending tab which s'erves a,s an endstop 
which/ in said locked position, prevents axial movement 
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of said shroud. Advantageous ]<y.^ gaid. . tab- is driveable 
between said locked and said unlocked positions by a 
rotatable drive plate actuated by a switch. 

5 In a preferred form^ in said unlocked position, said tab 
moves axfially rearward to engage in a recess in an endcap 
of the injection device and, optionally, said tab is 
rearwardly biassed by means of a spring. 

10 In a preferred embodiment^ said energy accumulator is a 
spring confined within a variable-volume chamber/ the 
injection device further comprising an integral firing 
force adjustment mechanism which, in use, varies the 
volume of said chamber/ effected by rotation of said ram, 

15 optionally wherein the rotation of the ram is effected by 
the turning of a key inserted through one . end of said 
device . 

According to a second aspect of the invention there is 
20 provided a discharge assembly^ suitable for use in a 
needleless injection device as described in any of the 
preceding paragraphs, comprising a retention member fined 
in the assembly, said retention member having a plurality 
of retention elements spaced around and adapted to locate 
25 on a ram when in a charged position' of the ram, and a 
release ring surrounding said retention elements to 
prevent radial outward displacement thereof and discharge 
of the ram; and wherein ' 

axial displacement of said retention ring releases said 
30 retention element's and Cciuses discharge of the ram by an 
energy accumulator; : 
characf-erised in that said ^ retention elements are 
integral with said retention member* and each has an 
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enlarged head which can move into ; and : out:;.of engagement 
with a groove or recess on said ram by deformation of the 
material of said retention mennber. 

5 preferred etnbodiznents of the present invention will now 
be more ' particularly described, by way of example only, 
with reference to the accompanying drawings wherein: 

Figure 1 is a perspective view of a needleless injection 
10 device embodying the first aspect of the invention; 

Figure 2 is a further perspective view of the Figure 1 
. injector; 

15 Figure 3 is a perspective, view of the nozzle assembly/ 

Figure 4 is an exploded view of the nozzle assembly o-f 
Figure 3; 

20 Figure 5 is a perspective view of the no22le lock 
assembly; 

Figure 6 is* an exploded view of the nozzle lock assembly 
of Figure S; 

25 

Figure 7 is a perspective view of the vial adaptor 
assembly; 

Figure 8 is an exploded view of the Vial adaptor assembly 
30 of Figure 7; . 

•Figure'- 9 is an exploded view, . drawn to a* smaller sc^le, 
of the injection device shown in Figure 1/ 
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Figure 10 is a perspective view of the ram asseiribly; 



Figure 11 is an exploded view of. the ram assembly of 

5 Figure 10; 

\ 

Figure 12 is a perspective view of the discharge 
assembly; 

10 Figure 13 is an exploded view of the discharge assembly 
of Figure 12; 

Flcfure 14 is a cross-sectional perspective view of part 
of the discharge assembly; 

Figure 15 is a perspective view, partly in cross-section 
of the assembled discharge and ram assemblies; 

Figures 16-18 are perspective views of the firing 
20 assembly; 

Figure •19. is a longitudinal cross-sectional view of the 
injection device, in a just-discharged conditipn; 

25 Figure 20 shows the injection device of Figure 19 with 
the spring priined; 

Figure 21 shows the injection device of Figure 19 ready 
tb be discharged; 
30 • ' 

Figure 22 shows the injection device of Figure 19 at the 
instanfe of applying pressure to. the 'shroud; 
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Figure 23 .shows the inj.ection device *af Figure 19 part- 
way through release of the collet fingers from the groove 
on the ram; 

5 Figure 24 ' shows the injection device of Figure 19 with 
the collet fingers fully released from the groove on the 
ram; 

Figure 25 is a perspective view of an injection device 
10 with pressiure-adjustment key inserted therein? 

Figure 26 is a cut-away, view of part of the injection 
device, showing the pressure adjustjnent facility; 

IS Figure 27 shows the optional clip in the safety lock 
mechanism; 



Figure 28 shows the drive plate including the sliding 
switch; and 

20 

Figure 29' shows, in greater detail, the operqition of the 
safety lotik mechanism with optional cJLip. 

25 Throughout the following description, reference to a 
^^forward" direction means the direction which is towards 
the patient when the inj'ector is' in .use. The ^^forward" 
end of the injector is the end nearest the patient' s ;akin 
when the injector is in use. ^ -Similarly, -reference to a 

30 ^^rearward" direction means the direction which is away 
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from the patient and the ''rearward'' end of. the injector 
is- the end furthest from the patient's skin when the ' 
injector is in use- 

5 As shown in' Figure 1, the injector comprises a nozzle 
assembly 20, a nozzle lock assembly 30, a housing 
assembly 40 and a firing ' as setnbly 50. Not visible in 
Figure 1, as they are located inside the housing assembly 
40, are a ram assembly 60 (see Figure 10) and a discharge 
10 assembly 70 (see Figure 12) . Each of the assemblies will 
be described in more detail below with reference to the 
appropriate Figures. 

In one embodiment of the injector, the nozzle is made 
15 from an opaque material and the nozzle lock assembly 30 
extends far enough forward to obscure part of the nozzle 
assembly 20. 

Kozsle Assjembly 

20 The nozzle assembly 20 is shown in Figures 3 and 4. The 
assembly comprises a single hole nozzle 21 having two 
aligned substantially triangular formations 22A, 22B at 
the rearward end thereof. Between the . triangular 
formations 22A, 22B is a slot 23. A piston 24 has a 

25 nozzle raim 25 press--f itted to^ screw-'threaded to or 
integrally-moulded with the forward end thereof and the 
piston/noizle ram assembly fits -within the bore of the 
nozzle 21. A cover seal 26 "and a nozzle cover 27 can be 
press-fitted to the forward end of the nozzle 21, as 

30 shown in Figure 3. ' ' 

NozKle^XiOClk Assembly 

The nozzle lock assembly 30 is shown in Figures 5 and 6. 
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It provides a mechanism for releasably flocking the nozzle 
assembly 20 to the re^t of the injection device so that 
it is easy to remove and replace the nozzle assembly 20 
at will. The nozzle assembly needs replacing, typically 
5 weekly, so it is advantageous to be able to do so quickly 
and easily. 

The nozzle lock assembly includes a nozzle twist cap 31 
which is used to actuate the nozzle lock. Inside the 

10 twist cap 31 is a retaining clip 32 which has a 
tria-ngular aperture therethrough large enough for the 
triangular protrusions 22A, 22B of the nozzle assembly to 
pass through. The retaining clip 32 fixes the nozzle 
lock assembly 30 to the end of the injection device. 

15 Adjacent the retaining clip 32 is a lock yoke spacer 33 
which h&s a similarly-sized triangular aperture 
therethrough. The locjc yoke spacer 33 has two external 
protruding lugs 33A, 33B, These lugs engage in 
corresponding slots inside the twist cap 31 so that, upon 

20 twisting the twist cap 31, the lock yoke spacer 33 is 
driven in the same direction by the interaction between 
the lugs and corresponding slots. This enables the lock 
yoke spacer 33 t6 be moved between a first, open position- 
in which its triangular aperture is aligned with that of 

25 the retaining clip 32 and a second,- closed position in 
which the triangular apertures are offset by, for 
example,' 60 degrees. T!he regaining clip 32 is fixed with 
respect to the rest of the injection device and hence 
does' not twist when the twist cap is moved. An arrow 34 

30 is marked on the twist cap 31' to' indicate which position 
the lock yoke spacer 33 is currently in. 

A spring clip 36 is provided whicli is held in place by 
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one or more grips 37 on the retaining, clip .32. 

In order to insert the rearward end of the nozzle 
assembly 20 into the no22ie lock assembly 30, it is 
5 necessary for the lock yoke spacer 33 to be in the open 
positiori. The nozzle assembly can be inserted far enough 
that the lock yoke spacer 33 is located at the position 
of the slot 23. on the nozzle 21- Upon twisting the twist 
cap to the closed position, the lock yoke spacer 33 
10 twists through 60 degrees so that it becomes out of 
alignment with the triangular protrusions 22A, 22B. This 
prevents withdrawal of the nozzle 21 from the nozzle lock 
assembly. 

IS Optionally, a spring-biassed sliding switch 35 is 
provided on the twist cap 31^ the switch 35 being biased 
into a position in which it prevents twisting of the 
twist cap. In order to twist the twist cap 31 to release 
the nozzle assembly, it is necessary to slide the sliding 

20 switch 35 forwardly. 

In order to load medicament into the Injection device of 
the preseint invention, a vial adaptor or cartridge is 
required which is compatible with the front end of the 
25 nozzle assembly 20. A suitable vial 'adaptor assembly is 
described below. 

A Vial adaptor 10 is illustrated in Figures 7 and 8 which 
i's designed to accept a standard sized proprietary 
30 medicament vial (for example a IQml medicament vial), to 
facilitate the loading of the medicament into ; the 
injectdrr. 
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The vial adaptor is shown in explpded ; f o.rm in Figure 8. 
The cartridge 10 has a housing 12 with an open rear end 
into which a vial (not shown) can be slid^ in the 
direction indicated by arrow V, until it abuts a 
5 puncturing means 13. When the vial is placed inside the 
housing ' 12 and urged towards the puncturing means 13, 
this causes the end. of the vial at the open rear end of 
the cartridge to be punctured by the puncturing means 13. 
Radially iiiwardly-biassed fingers 16 help grip the vial 
10 and hold it in position. A seal washer 14 and a bung 15 
are fitted on the forward end of the housing to prevent 
egress of the medicament. 

Upon remoMral of the bung 15, the vial adaptor is ready to 
IS be attached to the nozzle asseKJ&*ly 20 of the injector so 
as to enable medicament to be loaded into the injector. 

I^ousing i^lQsexnbly 

Referring now to Figures 1 and 9. the housing assembly 40 
20. comprises a two part housing; a front housing 42 and a 
rear housing 44, The two parts of the housing are 
rotatable with respect to* one another. Most of the rear 
housing 44 is concealed by a shroud 90 which may have 
grip- improving surfaces or formations thereon to 
25 facilitate gripping by the user. ' The shroud 90 is 
axially moveable and is used to effect discharge of the 
injection device. Splines ^or other guide means may be 
provided on the outer surface of the rear housing 44 to 
guide the shroud 90 which moves over Ut* 
30 ' 
Ram Aasembly 

The raA assembly 60 .will now b.e -.described with reference 
to Figures 10 and 11. The ram 61 Us the part which/ in 
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use^ is urged forvard in a rapid -.motign to:move a plunger 
in order to expel medicament from the injection device. 



At the forward end of the ram is a screw-threaded portion 
5 62 which/ when the ram assembly is assembled, co-operates 
with an 'internal screw-thread on a pressure nut 63. The 
forward end 64 of the pressure nut 63 is enlarged which 
defines the forwardmost liitiit of a chamber (described 
below) in which a main spring is situated. Relative 

10 movement of the. pressure nut 63 and the ram 51 (by using 
the screw thread) changes the volume of the chamber and 
this is described in mope detail below. A sleeve 65 
forms the cylindrical wall of the chamber^ as shown in 
Figure 10. The pressure nut 63 is fixed with respect to 

15 the sleeve 65. 

Finally, the ram 61 has an annular groove 66 which is as 
illustrat$d in Figures 10, 11 and 15 and described in 
more detail below. 

20 

Discharge I Assembly 

Figures 12-15 show the discharge assembly 70 which is 
used to lock' the ram 61 in a position ready to fire 
(having cJompressed the main spring as described below) 
25 and then to release the spring-loaded' ram at the desired 
moment upon actuation of a firing mechanism. 

The discharge assembly 70 comprises a cylindrical housing 
71 whose forward end is closed ejccept for- an aperture 72 
30 of sufficient diameter to receive the" rear portion of the 
ram* The rear end of the housing 71 is open and has an 
internal screw thread 100. A ho.using nut 73 screws into 
the rear end of the housing 71. The housing nut 73 has 
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an aperture therethrough of .sufficient; diameter to 
receive the rear portion of the ram 61. 

The discharge assembly includes a retention member, ' for 
5 example a collet 75, having a plurality of fingers 76 
{''retention elements"), each having an enlarged head 76A. 
The enlarged heads 76A are sulta,bly sized to fit into the 
grooye 66 on the rear portion of the ram 61. This can be 
seen in Figure 15. Also visible in Figure IS is the main 
JO spring 77. 



Firing Ags-embly 

The rearmbst assembly in the injection device is the 
firing assembly SO, illustrated in Figures: 1 and 16-18. 

15 The firing assembly includes a shroud 90 which has 
protrusions or a textured surface thereon. In use, as 
described below, the user grips the shroud 90, can rotate 
it with respect to the front housing of the device and 
can move it axially in order to fire the device, The 

20 protrusions or textured surface aid gripping by the user. 

The firing assembly also includes a safety lock facility 
which prevents inadvertant firing of the injection 
device. 

25 

The firing assembly is illustrated in Figures 16-18. The 
shroud 90 is provided with ^ a sliding switch 54 which, 
when slid from the position " illustrated in Figure 16 to 
the position illustrated in Figure: 17 r .engages with a 
30 drive plate 92 which caus.^s ' correspbnding ' rotation 
thereof. ; 

The drive plate 92 includes two -diametrically opposed 
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slots 93A, 93B. fln. annular . ring chas—two axially- 
extending tabs 94A, S4B which locate within the slots 
93A, 93B. This means that, when the drive plate 92 is 
caused to rotate (by sliding of the switch 54) , the tabs 
5 94A/ 94B are .also forced to rotate by the drive plate 92. 

The annular ring containing the tabs 94A, 94B is biassed 
rearvardly by a spring 95 (shovn in Figure 19 et seq) . 
The tabs are normally prevented from moving risarwardly 

10 because they abut an endcap 96. However, the endcap 96 
is provided with two diametrically opposed recesses 97A, 
97B on the' interior surface thereof • The recesses are 
large enough to accommodate the tabs if ' they are 
correctly aligned therewith* Therefore the tabs 94A/ 94B 

15 are moveable between twp axial positions; one wherein 
they abut the endcap 96 and another wherein they can move 
axially-rearwardly to fit into the recesses 97A, 97B. 
The tabs can be rotated between these two positions by 
sliding pi the switch 54 . 

20 

The key stages in the basic operation of the injection 
device will now be described in turn. Figu^re 19 shows 
the injection device in a just-discharged condition, i,e. 

25 ready to be prepared for firing again: With reference to 
Figure 19, it can be seen that the ram 61 is ir\ a forward 
position with its forward end 64 abutting, the housing. 
The main spring 77 is at its maximum extent, having just 
been discharged. The collet fingexs 76 are radially- 

30 spread and a collet lock' sleeve "^B is positioned forward 
of the collet fingers 76, with a secondary spring 80 
being compressed. Although tbe'; secondary spring 80 is 
compressed, rearward axial movement of the collet lock 
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sleeve 70 is prevented by its abutment -against the collet 
fingers 7 6. An annular gap 64 is present between the 
collet leak sleeve 78 and the release fingers 81. Note 
that the tabS '94A, 94B abut the endcap 96 and that there 
5 is a gap 98 between the endcap 96 and the rear of the 
release 'fihgers 81. 

Loading a Vial into the Vial Adaptor Assembly 

Referring .back to Figures 7 and 8, firstly, the end cap 
10- on a vial of the desired medicament is pulled off- The 
vial is p\li3hed into the open tear end of 'the housing 12. 
As the vial is urged against puncturing means 13, the end 
wall of the vial is punctured. The vial bung 15 prevents 
egress of the medicament from the vial at this stage. 

15 

Priming tha Spring 

Before a dose of medicament can be loaded, it is 
necessary to prime the main spring 77 so that the 
injection device is ready to fire. Referring to Figure 

20 20, the m&in spring 77 is housed -within a chamber having 
a cylindrical wall formed by sleeve 65 (see Figures 20 
and lOK The forward end of the chamber is defined by the 
forward end 64 of the pressure nut 63. The rearward end 
of the chamber is defined by the forward end of the 

25 housing 71 (see Figures 20 and 14). 

The front housing 42 is rotatable with respect to the 
rear housiing 44. Referring again to Figure 20, when the 
rear housing 44 is held stationary (by gripping the 
30 shroud 90), and .the frofit housing 42 is rotated in a 
clockwise direction (when viewed from the rear end of the 
injection device), the screw thread '"45 at the rear end of 
the front housing advances rearwardly along a , 
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corresporiding screw thread on the rear housing in the 
direction indicated by the arrow in Figure 20, Since the 
discharge assembly housing 71 is fixed with respect to 
the central housingy this causes a shortening of the 
5 Chamber containing the main spring as the front housing 
moves rearwardly, thus compressing the main spring 77. 



Figure 20 shows the situation in which the chamber has 
been reduced to its minimum length and the spring 77 is 

10 fully coriipressed. In this position, the enlarged heads 
7 6A of the collet, 75 drop into the groove 66 on the rear 
portion of the ram 61. The collet fingers 76 have a 
tendency to spring radially inwardly toward one another 
which . is why they readily drop into the groove 66 when 

15 they reach this portion .of narrowed diameter. However ^ 
the compressive force stored in the main spring 77 means 
. that the ram has a great tendency to move axially forward 
(which would force the collet fingers 76 radially apart) . 
The location of the collet fingers 7 6 in groove 66 is not 

20 sufficient alone td resist this. Therefore a collet lock 
sleeve 78 is employed. The collet lock sleeve 78 is 
biassed rearwardly by a secondary spring 80 which is 
under compression. When the collet fingers 76 drop into 
groove 6'6, the collet lock sleeve 78 moves rearwardly 

25 sufficient to transmit rearward force 'to the shroud 90 so 
that the shroud is firmly positioned ready for actuation. 
The collet lock sleeve 78 engages the enlarged heads 75A 
of the collet fingers. This has the effect of preventing 
further rearward movement of the collet lock sleeve 78 

30* and also prevents radiai. movetrient of the collet fingers 
which therefore remain engaged in the groove 66. The gap 
84 (sefe Figure 19) which was present between the collet 
lock sleeve 78 and the rel'ease fingers 81 has closed. 
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The ram id now held in a fixed position xelative to the 
rear housing 44. The main spring is now primed, arid the 
injection device is ready for a ' dose of medicament to be 
loaded. 

5 

Loading 'a Dose of MedicamBnt into the Nozzle 
The vial ljung 15 is removed from the loaded vial adaptor 
assembly 10, which is then pushed onto the nosszle 
assembly 20 on the forward end of the assembled injection 
10 device (Figure 1) . The medicament in the vial is now in 
communication with the nozzle 21. 

With^ reference to Figure 20, although the spring has been 
primed, an injection cannot yet be delivered because the 

15 forward end of the ram 61 abuts the front housing 42 and 
the dose of medicament has not yet been loaded. It is 
necessary to retract or wind back the ram in order to 
load the medicament and to get the injection device into 
a condition ready for firing. This is achieved by anti- 

2Q clockwise rotation (when the injection device is viewed 
from the rear), of the front housing 42 with respect to 
the rear housing 44. 

With reference to Figure 21/ this anti-clockwise rotation 
25 causes the ' screw thread 45 at the rear of the front, 
housing 42 to advance forwards in the direction indicated 
by the arrow (with respect^ to the corresponding screw 
thread on the rear housing 44) . The chamber in which the 
main spring 77 is situated does not get , longer because 
30 the ram SI is held in a'., fixed position with respect to 
the rear housing 44 by the collet 75 and collet ;lock 
sleeve\78. Instead, the frant "-housing 42 advances 
forwards, leaving the whole ram ass'embly, main spring and 
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discharge lassemhly fixed with re^pept. to the rear housing 
44. . This creates a space at the forward end of the 
injection device into which the rara can be driven when 
the device is discharged. 

5 

The effect of this is to cause the piston/nojzle ram Z^, 
25 to retract away from the nozzle aperture, drawing the 
medicament into the nozzle, A dose indicator indicates, 
through a window 46 (see Figure 1) in the main housing 
10 assembly 40, the volume of the medicament dose loaded 
into the nozzle. In addition or alternatively, an wdible 
dose Indicator could also be provided- When the desired 
dose has been loaded into the nozzle, the vial assembly 
10 can be removed. 

•15 

Releasiiig Safety Lock 

As illustrated in Figure 21^ the injection device cannot 
be fired because the tabs 94^, 94B abut the endcap 96 so 
that there is a gap G which prevents transmission of 

20 axial pressure from the endcap 96 to release fingers 81, 
It is therefore necessary to ^release the safety lock by 
sliding sv^itch 54 in order to close gap Gl Sliding the 
switch 54 causes the tabs 94Ar 94B to be rotated into 
alignment with the recesses 97A, 97B in the endcap. This 

25 position i-s illustrated in Figures 17/. 

Nov/ the tabs 94A, 94B are able to move axially-rearwardly 
into the recesses 97A, -978 ''as they are biassed by the 
spring 95, closing the gap G- This position is 
30 illustrated in Figures 18. and 22-'' 

Firing %fche Injection Device 

When the injection device is ready :^ to be discharged (or 
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^^fired"), as is described in- rmor-e: detiail below, the 
device is simply held against the patient's skin at the 
desired injection site. Usually, the device ie brought 
to the injection site and held in contact there by 
5 grasping the shroud 90.. The device has the advantage 
that the user need not move his/her hand position from 
grasping the device in order to press a button or. other 
actuating- means elsewhere on the device. The device can 
be discharged simply by applying downward fotce F to the 

10 shroud 90 whereby a slight axial movement towards the 
patient 3 skin will fire the device. The device is thus 
resistance-sensitive in that the downward axial force is 
resisted by the skin of the patient until sufficient 
force is applied to trigger the device. The force 

15 required depends on, among other factors, the properties 
of the secondary spring 80 and the spring 95 (described 
below) . 

With the injection device held against the patient's skin 
20 at the desired injection site, axial force F is applied 
to the shroud 90 and hence to endcap 96 which brings the 
endcap . 9S into engagement with the rear of the release 
fingers 81. This applies a forward force to :the release 
fing'ers 81 which push forwardly against the collet lock 
25 sleeve 78 which, in turn, causes the- collet lock sleeve 
to disengiage from the tapered enlarged heads 76A of the 
collet 75. The sli'ghtest -disengagement of the collet 
lock- sleeve* 78 from the collet allows the stored force in 
the main spring 77. to cause the collet fingers 76 to move 
30 radially-outward out of the grooVe 66 which releases the 
ram (as shown in Figure 23)., Once free to movej as 
illustrated in Figure 23, the. ram ".is driven forcefully 
forward by the main -spring 77. ' Th^. front portion of the 
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ram 61 drives, the piston 24 and noz^ls xsm 25 into the 
nozzle, where the medicament ig located, causing the 
niedicamenf to be ejected from the nozzle and into the 
patient. Having been fired, the injection device is in 
5 the condition illustrated in Figure 24. 

Adjusting! the Firing Force 

The injection device alsd includes a facility for 
adjusting the force v/ith which the injection device fires 
10 a medicament into the patient (the "pressure adjustment" 
facility) . 



The firin^j force of the injection device is determined by 
the properties of the main spring 77, in particular the 

15 degree to. which it is compressed before the device is 
fired. There is sometimes a desire to adjust the firing 
force of an injection device since, for example, in 
certain patients a powerful device may causes bruising or 
trauma at the injection site. . Conventional needleless 

20 injection devices can be adjusted by the provision of 
'^comfort rings" which limit the force which can be stored 
in the -.main spring. However, the injection device needs 
to be disiassembled in order to insert the comfort rings 
and this brings the risk of injury caused by inadvertant 

25 firing and/or incorrect reassembly o'f the device. The 
injection device . described herein enables the firing 
force to be adjusted without the need to take apart the 
device - 

30 The injection device of the preseht invention includes an 
integral mechanism for adjusting the firing force. • For 
safety \reasons, it i.s only possible- to' adjust the firing 
force whelh the injection device \is in the condition 
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illustrated in Figure 19 i.e. fully disaharq^] with the 
ram 61 fully-forward. 

With refetence^to Figures 25 and 26, a key 17 is provided 
5 which fitis into the front end of the injection device 
(the noezle assembly having being removed as described 
above) - 

With the nozzle assembly removed from the device, the key 
10 17 can be inserted through the front end of the device to 
engage with the front end of the ram 61 (through the nut 
63) . The internally screw-threaded nut 63 is 

rotationally-fixed with respect to the housing by means 
of a pin 101 confined within a slot 102. 

15 

• The key dan be turned which causes the whole ram 61 to 
rotate with respect to the housing. During this rotation 
of the raih 61, the screw-threaded portion 62 at the front 
end of the ram co-operates with the screw-thread on nut 

20 63 to reduce or enlarge the volume of the chamber in 
which the main spring 77 is confined (depending "upon the 
direction in which the ram is rotated) . 6y varying the 
volume of the chamber in which the main; spring is 
confined, the maximum compressive firing force which can- 

25 be stored in the spring is also varied. This provides a 
safe and easy way of adjusting the firing force without 
the need to disassemble the injection device. The key 
can be kept by an adult or carer to avoid inadvertant use 
by a young patient. 

30 \ ' ^ 

Optionally, a window 103 is provided in the housing* to 
allow visu'al feedback of the pressure adjustment (see 
Figure 25) - 
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An optional modification to the safety lock mechanism 
will now be described with reference to Figures 27-29. 

5 In the • embodiment described above, until thfe sliding 
switch is. slid into the correct position, the device 
cannot be fired because the tabs 94A; 94B abut the endcap 
96, The switch 54 is biased into the ^"aafe" position 
from which the device cannot be fired and therefore the 
10 user must slide the switch 5.4 to the ^^firing" position 
and then hold it there whilst simultaneously applying 
axial pressure to the shroud in order to fire the device. 

In the embodiment illustrated in Figure 21, an 
IS intermediate position is available in which the device is 
ready to fire- (i.e. safety lock is released) but does not 
require the user to hold the sliding switch 54 in the 
^'firing'' position (in other words the bias into the 
^^safe'' position is temporarily overridden) , 

20 

Referring to Figure 27, the sliding switch 54 is 
illustratsd in the ^^safe" position from which the device 
cannot be fired- There is provided a *clip 105 onto which 
the sliding switch 54 can be hooked when the sliding 
25 switch is slid into the ^^firing" position in the 
direction indicated by the arrow in Figure 27. When the' 
sliding switch 54 is hooked onto the :clip 105, the device . 
is able to be.firedr and- the sliding-, switch 54 does not 
slide back into the '^safe'^ position. 
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Therefore the user is free to apply a;xial*. pressure to the 
shroud 90' in the usual way in order to fire the device* 
When such axial pressure is applied to the shroud as 
indicated by the arrow in Figure 29, the endcap 96 
5 transmits downward force to the tabs 94A, 94B thus firing 
the device as described above. Wedges 99, formed on the 
tabs I cooperate with corresponding surfaces of the drive 
plate 92 so that the downward axial (linear) motion of 
the tabs causes a slight rotary motion of the drive plate 
10 92, sufficient to knock the sliding switch 54 off the 
clip 105, Once free of the clip 105, the sliding switch 
54 is biased back into the ^^safe'' position, ready for the 
next use of the device- 
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